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Synopsis 
 
 Characterisation of monoclonal antibodies and small molecule inhibitors 
as Hepatitis C Virus entry inhibitors 
 Hepatitis C virus (HCV) represents a global health threat. HCV is a blood-borne positive-
strand RNA virus belonging to the Flaviviridae family that infects ~160 million people 
worldwide. About 70% of infected individuals fail to clear the virus and subsequently 
develop chronic hepatitis, frequently leading to liver cirrhosis and in some cases 
hepatocellular carcinoma. Therapeutic options for HCV infection are still limited and a 
protective vaccine is not yet available. Currently available therapies include administration of 
pegylated alpha interferon in combination with ribavirin. The recently approved protease 
inhibitors Boceprevir and Telaprevir are also included in the treatment regimen. However, 
limitations to the treatment with direct-acting antivirals (DAAs) are associated with severe 
side effects and low sustained virological response (SVR) rates that vary depending on the 
virus and host genotype. The replication step of the viral life cycle is mostly targeted by 
majority of DAAs. Recent findings have suggested that a combination of entry inhibitors 
together with DAAs exhibit a synergistic effect in the treatment of HCV. Therefore, 
identification of efficient HCV entry inhibitors is of high priority 
In vitro studies have shown that HCV attachment and subsequent entry into the host cells is 
mediated by E1 and E2 viral envelope proteins. HCV entry requires interaction with a 
number of receptors which include CD81, scavenger receptor B1 (SR-B1) and the tight 
junction proteins, claudin 1 (CLDN1) and occludin (OCLN). Since the E2 glycoprotein is 
reported to interact directly with cellular receptors, it is an attractive target for neutralisation. 
The present study focuses on the establishment and characterisation of entry inhibitors as 
antivirals for HCV. 
The thesis is presented in three chapters: Chapter 1- ‘Introduction’, provides a brief 
overview on HCV genotypes, genome organisation, life cycle including details on the entry 
process and therapies used for the treatment of HCV. Chapter 2 describes the generation of 
monoclonal antibodies (mAbs) against HCV envelope proteins as potent anti-viral agents for 
the prevention of HCV infection. Data on the identification and characterization of the 
neutralizing epitopes of HCV envelope proteins have been presented. Chapter 3 includes 
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isolation of entry inhibitors of HCV from natural sources and identification and 
characterization of the active components exhibiting antiviral property.  
A number of studies have reported the role of neutralizing antibodies in the course of HCV 
infection and emerging data suggest protective effect of antibodies against HCV infection. 
Most of the ongoing studies are based on HCV genotype 1a which is prevalent globally. 
However in India, the prevalent genotype is 3a.  Therefore, we established a panel of mAbs 
against HCV-LPs comprising of core-E1-E2 derived from genotype 3a as described in 
chapter 2. HCV-LP based system has been used in this study since it mimics the biophysical 
conformation, morphology and antigenic properties of the native virion and represents a 
model system for studies on viral binding and entry. MAbs were characterised and analyzed 
for their ability to prevent viral binding and entry into host cells. Three mAbs namely E3D8, 
H6D3 and A10F2 were identified to recognize the E2 viral glycoprotein which significantly 
inhibited HCV-LP binding to Huh7 cells in vitro. The neutralizing epitopes corresponding to 
the mAbs were identified using overlapping truncated fragments and synthetic peptides of the 
E2 protein. Our experiments suggest that the epitopes recognised by the inhibitory mAbs are 
unique and different from those reported till now. The synergistic effect of a combination of 
mAbs on virus neutralization has shown promising results for treatment of viral infections. 
Since in the present study the epitopes recognised by the mAbs are non-overlapping, we went 
ahead to determine whether a combination of these mAbs would enhance the ability to block 
HCV-LP binding. Indeed, flow cytometry and fluorescence microscopy studies revealed that 
a combination of the antibodies efficiently blocked the binding of HCV-LP to human 
hepatoma cells. More importantly and of relevance is the observation that the mAbs in 
combination inhibited viral infection (JFH1 strain) and replication in permissive human 
hepatocytes as determined by real time RT-PCR.   
Phytochemicals present in plants have been considered as conducive for prevention of several 
viral infections and are found to be promising antiviral agents. Natural products which are 
biologically active disclose drug-like properties since they are small molecules and can be 
easily metabolised and absorbed by the body. In our study as described in chapter 3, we 
evaluated extracts from Indian medicinal plants and fruits which are known to have hepato-
protective effect, for natural potent attachment and entry inhibitors for HCV. Flow cytometric 
analysis suggested that the root extract of the herb Boerhavia diffusa and fruit extract of 
Prunus domestica exhibited high antiviral activity by inhibiting the binding of Hepatitis C 
virus like particles (HCV-LPs) to the human hepatoma cells. We went on to isolate, identify 
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and confirm the active principles to be Boeravinone H, a dehydrorotenoid, (from Boerhavia 
diffusa) and Rutin, a flavonoid, (from Prunus domestica) by LC-ESI-MS, NMR, UV and IR 
spectral analysis. Our study revealed that the compounds block the attachment as well as 
entry step probably by targeting the viral particle. We also assessed the efficiency of these 
small molecules (Boeravinone H and Rutin) to inhibit HCV negative strand synthesis post 
entry by real time RT-PCR. Results suggest significant inhibition of viral entry and infection 
in the HCV cell culture (ex vivo). To our knowledge it is the first report on Boeravinone H 
and Rutin as entry inhibitor for HCV.  
In conclusion, our findings support the potential of employing a cocktail of neutralizing 
mAbs and antiviral agents from natural source in the management of HCV infection. 
 
  
